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ABSTRACT : PROBLEM TO BE SOLVED: To decrease the amount of residual carbon by continuously 
supplying silica gel powder from an end of a furnace core tube of a rotary kiln rotating at s 
specific speed and heat-treating the powder. 

SOLUTION: A tetraalkoxysilane is hydrolyzed by adding 1 -1 0 times equivalent of water 
based on the alkoxy group of the alkoxysitene and the product is dried at 50-200°C to 
obtain sifica gel powder having particle diameter of I0-1,000jimandan impregnation rate 
of i~30wt.%. The silica gel powder is supplied through a dry gel hopper 6 and a table 
feeder 7 to the feeding port 9 of a furnace core tube 8 of a rotary Kiln rotating at a 
circumferential speed of 2-1 2m/rnin, heated to 50-a00 0 C by. the 1 st heater 1 5 to 
■ } evaporate water, heated to 300-6DO°C by the 2nd to the 4th heaters 1 6-1 B to burn out 

the residual carbon and finally heated at 900-1 ,1 00°C by the 5th heater 1 9 to seal the 
pores of the silica gel and obtain the objective synthetic quartz powder having a tap bulk 
density of 1 .0-1 .2g/mL and a carbon concentration of 50-1 .OOOppm. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the % use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the efficient manufacture method of 
synthetic quartz powder. In recent years, in the glassware used by the optical-communication field, 
semiconductor industry, etc., very severe management is performed about the minute bubble in the minute 
amount impurity and a product. Such quality glass is generated by the method of calcinating and vitrifying the 
silica gel mainly obtained by hydrolysis and gelling of the method of refining ** natural quartz, the method of 
carrying out the accretionary growth of the fume generated in decomposition in the oxyhydrogen flame of ** 
silicon tetrachloride to a base, ** silicon alkoxide, etc. However, by the method of **, a limitation is in 
reduction of minute amount impurity content, and there are troubles, like a manufacturing cost is very high by 
the method of **. It cannot say that it is not necessarily satisfied [ with the method using the silica gel of **, 
especially the method using a silicon alkoxide as a raw material ] of demand level on the other hand although 
low synthetic quartz powder is cheaply obtained for minute amount impurity content compared with the method 
of **, and the trouble referred to as that a minute bubble is generated is in the Plastic solid of a final product by 
the method using this silicon alkoxide depending on the case. 
[0002] 

[Problem(s) to be Solved by the Invention] Wholeheartedly, when it was cheap compared with the former by 
the manufacture method of this invention persons' synthetic quartz powder using a silicon alkoxide and a Plastic 
solid was manufactured by examination, in order for generating of a minute bubble to have manufactured very 
few synthetic quartz powder industrially, it turns out that what is necessary is just to solve the technical problem 
shown below. 

[0003] That is, in order that baking of silica gel may eliminate the contamination of the impurity from a 
container, silica gel is taught to the container made from a quartz, and the method of heating with an electric 
furnace etc, is adopted. When aiming at industrial manufacture especially, a mass quartz container, for example, 
the quartz crucible of the diameter of macrostomia, will be used. However, compared with quartz powder, as for 
silica gel, bulk density cannot use for a low sake efficiently the container used for baking, but productivity is 
bad and the manufacturing cost is high. Therefore, the bulk density rise of the fine particles taught to a crucible 
serves as an important technical problem at improvement in productivity. 

[0004] On the other hand, in manufacture of the Plastic solid using quartz powder, as for generating of the 
minute bubble at the time of manufacturing a Plastic solid, the temperature up process of the baking process at 
the time of quartz powder manufacture does influence. Even if the silica gel powder obtained by hydrolysis of a 
silicon alkoxide removes the alcohol which carried out the byproduction by dryness, an unreacted alkoxy group 
and a part of alcohol which carried out the byproduction remain. Although it changes also with dryness 
conditions when the carbon concentration in the dry silica gel powder is actually measured, it is 1 - 3%. When 
this silica gel powder is calcinated in oxygen content gas, although combustion removal of a great portion of 
carbon is carried out in temperature up process, a part may be shut up into synthetic quartz powder as unburnt 
carbon. If the synthetic quartz powder containing this unburnt carbon is used, it will become CO and C02 gas 
in the case of melting fabrication, and will become the cause of bubble generating. Therefore, it is necessary 
before sealing of silica gel to carry out whole-quantity removal of the unburnt carbon substantially, and the 
programming rate in temperature up process becomes important. 

[0005] However, since the quartz crucible of the diameter of macrostomia is used and the temperature in a 
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crucible in temperature up process becomes uneven like point ** when manufacturing synthetic quartz powder 
industrially, it is difficult to carry out the temperature up of all the portions in a container by the predetermined 
temperature pattern. Consequently, the synthetic quartz powder with which carbon remained depending on the 
case generates partially, and the phenomenon in which a minute bubble is generated in the Plastic solid using 
the synthetic quartz powder is seen. 
[0006] 

[Means for Solving the Problem] the bulk density of fine particles with which baking is presented by heat- 
treating by condition and operation suitable before calcinating silica gel as a result of this invention persons' 
inquiring further wholeheartedly in view of above-mentioned technical problem baking-back - equivalent — it 
can carry out - in addition — and it finds out that an alkoxy group and a hydroxyl group are fully removable, 
and came to complete this invention That is, by heat-treating silica gel powder, making it flow supplying more 
nearly continuously than one end of rotary kiln, this invention is the method of manufacturing synthetic quartz 
powder, and is in the manufacture method of the synthetic quartz powder characterized by rotating the work 
tube of rotary kiln by part for part [ for peripheral-speed/of 2m - ], and 12m/. 

[0007] Hereafter, this invention is explained in detail. The target synthetic quartz powder is synthetic quartz 
powder which nonporous-comes to turn by calcinating silica gel powder in this invention. Although especially 
the manufacturing method of silica gel powder is not limited but the various well-known methods can be 
adopted, what depends a high grade on the so-called sol gel process by hydrolysis and gelling of alkoxysilane 
etc. from a viewpoint of being able to attain easily is desirable. Hydrolysis of the alkoxysilane by the sol gel 
process is performed by making alkoxysilane and water react according to a well-known method. 
[0008] As alkoxysilane used as a raw material, the low-grade alkoxysilane of C1-C4, such as a tetramethoxy 
silane and a tetrapod ethoxy silane, or the oligomer of those is desirable. The amount of the water used is 
usually chosen from the range below 1 0 time equivalence from more than the 1 time equivalence of the alkoxy 
group in alkoxysilane. Under the present circumstances, you may mix and use organic solvents, such as water, 
and alcohols with compatibility, ether, if needed. As an example of representation of the alcohol used, low- 
grade fatty alcohol, such as methanol ethanol, is mentioned. 

[0009] In this adding -water decomposition reaction, you may add acids, such as a hydrochloric acid and an 
acetic acid, and alkali, such as ammonia, as a catalyst as a catalyst. In addition, all the matter introduced into the 
systems of reaction, such as water, a catalyst, etc. used with a natural thing here, needs to be a high grade. 
Gelling of a adding-water decomposition product is carried out in the bottom of heating, or ordinary 
temperature. If it heats, since the speed of gelling can be improved, the gelation time can be adjusted by 
adjusting the grade of heating. 

[0010] The obtained gel is wet silica gel which contains so much the alcohol generated by moisture and 
hydrolysis, and after you may dry after subdividing this, and drying, you may subdivide it. Anyway, preferably, 
10-1000 micrometers of particle size after dryness subdivide so that it may change with 100-600 micrometers. 
Dryness is performed heating under an ordinary pressure or reduced pressure. Although heating temperature 
changes also with conditions, it is usually 50-200 degrees C. Moreover, both a batch and continuation can 
perform operation. As for the grade of dryness, ****** is usually performed to 1 - 30 % of the weight. ****** 
said here is a weight percentage reduction when reaching constant weight in 160 degrees C. 
[001 1] Thus, the obtained dryness silica gel powder is heat-treated under the specific conditions described 
below. That is, it heat-treats, rotating rotary kiln for silica gel powder under specific temperature conditions 
within rotary kiln, and making silica gel powder flow. This heat-treatment may heat-treat using two or more 
rotary kiln. If "a flow of fine particles' 1 said here is explained as compared with drawing 1 which shows the 
cross section of the rotary kiln of a quiescent state using drawing 2 which shows the cross section of the rotary 
kiln of the rotation state which taught fine particles Between ****** (3) of fine particles (1) and a work- tube (2) 
wall, slipping does not arise substantially, but it is raised with a work- tube wall, and the state (the direction of a 
black arrow in drawing 2 ) where fine particles leave a wall surface above an angle of repose, and it is flowing 
down in the work-tube wall lower part is said. 

[0012] The quality of the material of a work tube needs to choose what the contamination of the quality of the 
material to the powder which processed does not generate, and is desirable. [ of the product made from a 
quartz ] Since a limitation is in the size of a work tube on manufacture in made from a quartz, depending on 
conditions, it will heat-treat using multi-stage rotary kiln. The temperature field which heat-treats is 50-1 100 
degrees C. Usually, heating is performed by the heater. It is the requirements for this invention to consider 
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rotational speed of the work tube of rotary kiln for making fine particles flow as a part for part [ for peripheral- 
speed/of 2m - ] and 12m/he*e. By peripheral- speed/of 2m, by the following, the number of the black particles in 
the fine particles after heat- treatment increases, and generating of the minute bubble in the Plastic solid obtained 
by carrying out melting fabrication increases. Although this reason is not necessarily clear, if the mixed state of 
fine particles becomes below specific level and the mixed state of fine particles becomes below specific level, in 
the following, it will think for contact into oxygen to get worse quickly and for the residual carbon of non-** to 
increase by peripheral-speed/of 2m. On the other hand, since it will be necessary to thicken work- tube thickness 
when a difference is lost to the occurrences of a black particle, and the minute foam volume of a Plastic solid 
and a part for 12m/is exceeded from the field of the intensity of a work tube if a part for 12m/is exceeded, it is 
not desirable. 

[0013] By heat-treatment, the water and alcohol which silica gel contains volatilize first. Under the present 
circumstances, the temperature of the fine particles in rotary kiln usually becomes 50-300 degrees C. In this 
temperature field, it is desirable to make into below 500N-liter / Kg-Hr the amount of the gas which occurs 
from fine particles. When an yield is higher than 500N-liter / Kg- Hr, a bumping phenomenon occurs within fine 
particles and the fluidity of fine particles may disappear. By the gas of a volatile component occurring in large 
quantities by bumping, and surfacing fine particles, the frictional force in a wall surface decreases and a reason 
is considered because fine particles become that it is hard to be raised with a work-tube wall, although it is not 
clear. 

[0014] Then, a temperature up is carried out to the combustion-temperature field of the carbon component 
which remains. This temperature field is 300-600 degrees C. However, when rotary kiln performed heating for 
burning the carbon component which remains at 300-430 degrees C by examination of this invention persons, it 
became clear that the fluidity of the fine particles in rotary kiln is very bad. Then, combustion of the carbon 
component which remains is performed at the temperature of 450 degrees C or more. 
[0015] However, if it is actually performed, making it flow, supplying this heat-treatment more nearly 
continuously than one end of rotary kiln, though natural, the 300-430-degree C temperature zone equivalent to 
temperature up process will occur. It is good to adjust heat supply so that the length of this temperature zone 
may be set to 5cm or more and 135cm or less. If the length of a temperature zone is longer than 135cm, the 
portion into which the fluidity of fine particles gets worse will occur. On the other hand, although the portion 
into which a fluidity gets worse is not generated in less than 5cm, it is because it is necessary to perform intense 
heating in a very narrow field. 

[0016] although the reason the fluidity of fine particles falls in this 300-430-degree C temperature field is not 
clear «**-** to which it is this temperature field and the bulk density of silica gel falls - there is a physical 
property of being easy to generate static electricity, these suit and lap, the frictional force in a wall surface 
decreases, and the silica gel of this temperature field is considered because fine particles become that it is hard 
to be raised with a work-tube wall 

[0017] As for the fine particles heated to the temperature field 450 degrees C or more, reduction of residual 
carbon advances. You have to vanish the simultaneously whole quantity of the carbon which will remain by the 
time it arrives at this temperature field, since sealing of silica gel will begin if fine-particles temperature 
becomes 600 degrees C or more. Otherwise, unburnt carbon remains in the obtained synthetic quartz powder, 
and a bubble is generated in case it is melting fabrication. 

[0018] Therefore, it is good to control appropriately time to pass through the temperature field whose fine 
particles are 450-550 degrees C. In rotary kiln, fine particles move almost in piston flow to travelling direction. 
Therefore, the pass time of a predetermined temperature zone is naturally found from the traverse speed to the 
length of the predetermined temperature zone in rotary kiln, and the travelling direction of fine particles. For 
example, pass time becomes that traverse speed [ as opposed to / in the length of a predetermined temperature 
zone / the method of advance of fine particles at lm ] is 0.5 m/Hr with 2Hr(s). 

[0019] Pass time is usually 1-5 hours preferably for 0.5 to 10 hours. When shorter than this range, it is difficult 
to fully decrease unburnt carbon, and in the pass time beyond this, a difference is not looked at by the amount of 
unburnt carbon, but equipment is enlarged, and it is because it is not economical. Next, the control method of 
the heat-treatment described until now is explained. 

[0020] In this invention, since it is operated continuously, the heating zone of a work tube is divided into 
plurality according to the travelling direction of processing fine particles, and it is attained by adjusting the 
heating intensity of the heater of each zone so that the temperature of fine particles may become a 
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predetermined field. Specifically, the air purer than one end or oxygen content gas of a work tube is supplied, 
and the method of discharging frorri the other end is taken. The amount of supply of gas is 30-3001. / Hr per 
[ which is usually supplied continuously ] 1kg of fine particles, and in oxygen conversion. While reduction in 
carbon is promoted by carrying out making fine particles flow using rotary kiln, homogeneous processing fine 
particles are obtained. 

[0021] By this processing, the carbon concentration in silica gel decreases to about 50-1000 ppm. The 
processing fine particles to which the carbon which remains disappeared mostly are heated succeedingly, and 
900-1 100 degrees C of temperature of final fine particles are preferably raised to 950-1050. The programming 
rate in this case is usually 100-1000 degrees C/Hr. In rotary kiln, since fine particles flow almost in piston flow 
to travelling direction, the temperature up of them will be carried out as the supplied fine particles move the 
inside of rotary kiln to travelling direction. Therefore, the programming rate of fine particles is naturally called 
for from the traverse speed to the temperature distribution in rotary kiln, and the travelling direction of fine 
particles. For example, as for a programming rate, the distance between thermometry points becomes that a 
temperature gradient is 200 degrees C and the traverse speed to the travelling direction of fine particles is 0.5 
m/Hr in lm with 400 degrees C/Hr. 

[0022] Heat-treatment in this temperature field is also performed under pure air or oxygen content gas 
atmosphere. Specifically, the air purer than one end or oxygen content gas of a work tube is supplied, and the 
method of discharging from the other end is taken. The amount of supply of gas is 3-501. / Hr per [ which is 
usually supplied continuously ] 1kg of fine particles, and in oxygen conversion. Moreover, it is desirable to 
carry out the heat-treatment in this temperature field also making fine particles flow using rotary kiln. By 
carrying out making fine particles flow using rotary kiln, uniform heating is performed and homogeneous 
processing fine particles are obtained. Ending sealing of silica gel mostly by this processing, the tap bulk 
density (bulk density is called henceforth) of the fine particles which were about 0.7-0. 8g/ml goes up to about 
1.0-L2g/ml. 

[0023] Although synthetic quartz powder will be obtained if it heat-treats to silica gel powder according to this 
invention, 1000 ppm or more of silanols usually remain. Then, baking in the temperature field raised further is 
performed. The quality of the material which does not generate the contamination of the impurity to synthetic 
quartz powder, for example, the crucible made from a quartz, is used for the container used for baking. In this 
baking, since whole- quantity removal of the carbon in the fine particles used for baking has already been carried 
out substantially, it is not necessary to pay attention special to a programming rate. Therefore, since dispersion 
in the programming rate within a container does not affect quality, a homogeneous product is obtained and use 
of a mass container also becomes possible compared with the former. Moreover, since the bulk density of fine 
particles is fully raised, there is no big change in the bulk density of the fine particles before baking, and the 
bulk density of the fine particles after baking beforehand and a container can be used efficiently, improvement 
in productivity is measured. 

[0024] Burning temperature is usually 1 100-1300 degrees C. It is not limited but especially a programming rate 
is selection **** suitably from the range of 100-2000 degrees C/Hr. Although a firing time is based also on 
burning temperature, it is usually 10 - 100 hours, and 100 ppm or less, preferably, the silanol concentration in 
synthetic quartz powder is continued until it is set to 60 ppm or less. Moreover, since the reduction speed of a 
silanol group will be accelerated if it carries out circulating the air which does not contain moisture substantially 
in the case of heating, or inert gas, it is desirable. Though natural, in the synthetic quartz powder after baking, 
carbon does not exist substantially. 

[0025] Thus, the obtained synthetic quartz powder is fabricated by the Plastic solid. Although the forming 
method changes with uses of a Plastic solid, when there is a use with a crucible and the arc melt method is a 
fixture for IC, the method of fabricating by the Verneuil method by the acid and hydrogen flame to an ingot, the 
HYUJON method which carries out heating fusion under a vacuum using the mold made from carbon are once 
mentioned, for example. 

[0026] Anyway, if the synthetic quartz powder obtained by this invention method is used, since a Plastic solid 
with very little generating of a bubble will be obtained, the quality and the product yield of a Plastic solid 
improve greatly. 
[0027] 

[Example] Hereafter, an example explains this invention still more concretely. 
[Example 1] 
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{Creation of dry silica gel) The high grade tetramethoxy silane was made to react with water, and massive wet 
gel was obtained. Then, after the network type grinder ground this massive wet gel, stoving was carried out 
under reduced pressure and powdery dry silica gel was obtained. This powdery dry silica gel was classified with 
the machine according to vibration screen, and the particle (500 micrometers or less and 100 micrometers or 
more) was acquired. When this powdery dry silica gel was analyzed, ****** was 19.5 % of the weight, and 
carbon concentration was 1.1 % of the weight. Moreover, the bulk density of this powdery dry silica gel was 
0.92g/ml. 

[0028] The following heat-treatment was performed using the rotary kiln which shows an outline to drawing 3 . 
the inside of drawing 3 , and 6 a dry gel hopper and 7 -- a table feeder and 8 a work tube and 9 — a feed 
hopper and 10 a feed- hopper doughnut-like weir and 1 1 -- an air supply pipe and 12 — an exhaust port and 13 
- for the 1st heating heater and 16, as for the 3rd heating heater and 18, the 2nd heating heater and 17 are [ an 
exhaust port doughnut-like weir and 14 / a processing powder receiver and 15 / the 4th heating heater and 19 ] 
the 5th heating heaters a work tube — the quality of the material - a quartz - it is — the shape of length (heating 
zone):2m, bore:200mm, and a feed-hopper doughnut - diameterof weir opening20mm, and diameter of 
exhaust port Natsu-like weir opening: It considered as the size of 40mm 3 and it set up so that the maximum 
layer quantity might be set to 80mm. Moreover, the work tube was adjusted so that the degree of tilt angle 
might become 0.2 degrees. 

(Heat-treatment) First, the temperature up of the heating heater was carried out (the 1st heating heater : 330 
degrees C, the 2nd heating heater : 330 degrees C, the 3rd heating heater : 455 degrees C, the 4th heating 
heater : 455 degrees C, the 5th heating heater : 455 degrees C), and air was supplied for powdery dry silica gel 
from the feed hopper by part for lOOl./in o'clock in 1 1kg /, rotating a work tube by part for peripheral-speed/of 
5.0m. 

[0029] The fine particles in a work tube were flowing from beginning to end continuously, the temperature of 
the fine particles of each heating zone — the 1st — heating heater section: 1 10 degree C and the 2nd — heating 
heater section: 135 degree C and the 3rd - heating heater section:265 degree C and the 4th - heating heater 
section:433 degree C and the 5th it was heating heater section:464 degree C The fine-particles temperature of 
the yield of gas of a zone 300 degrees C or less was 3 lON-liter / Kg- Hr. Moreover, the length of the zone whose 
fine-particles temperature is 300-430 degrees C was 30cm. Furthermore, the pass time of the zone whose fine- 
particles temperature is 450-464 degrees C was 0.6 hours. Next, after the supply operation start, when 4 and the 
powder discharged in the 6 or 8th hour were analyzed, it was the value shown in Table 1. 
[0030] 
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[0031] As shown in Table 1, the analysis value of fine particles was stable. Then, the powder obtained by the 
above-mentioned operation was heat-treated by **** below using the same rotary kiln. 1st heating heater: -- 
500 degrees C and the 2nd - heating heater:500 degree C and the 3rd - heating heater:500 degree C and the 4th 
-- heating heater: 1000 degree C and the 5th - air was supplied for fine particles from the feed hopper by part 
for 1 101/by 9.2 kg/Hr, carrying out a temperature up to heating heater:l 030 degree C, and rotating a work tube 
by part for peripheral-speed/of 5.0m 

[0032] The terminal temperature of the fine particles of heat- treatment was 1020 degrees C. The fine particles in 
a work tube were flowing from beginning to end continuously. After the supply operation start, when 4 and the 
synthetic quartz powder discharged in the 6 or 8th hour were analyzed, it was the value shown in Table 2. 
[0033] 
[Table 2] 
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[0034] (Baking) 130kg of synthetic quartz powder obtained by heat-treatment was taught to the quartz crucible 
with a diameter of 550mm 5 and it calcinated by heating within an electric furnace. A furnace is a programming 
rate. It held at this temperature after the temperature up to the attainment temperature of 1200 degrees C by 200 
degrees C/Hr for 40 hours. Under the present circumstances, the dew-point circulated to the crucible the pure 
dry air which is -60 degrees C by 7801. / Hr. Heating was stopped after the maintenance end and it cooled to the 
room temperature. Dry air pure also in the case of cooling circulated. Baking backward **** synthetic quartz 
powder was 1 12kg. It was the value which shows it in Table 3 when the obtained synthetic quartz powder is 
analyzed for every sampling place. 
[0035] 
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[0036] (Fabrication) The synthetic quartz powder obtained by baking was fabricated by the Verneuil method to 
the ingot. Four 10-micrometer bubbles were detected in ingot lOg Naka. 

[Example 2] It was operated like the example 1 except having made rotational speed of a work tube a part for 
2.5m/. The black particle numbers in the fine particles obtained by heat-treatment were two pieces / lOg. 
Moreover, six bubbles of 10-micrometer or more ** were detected in ingot lOg fabricated by the Verneuil 
method. 

[Example 1 of comparison] It was operated like the example 1 except having made rotational speed of a work 
tube a part for 1 .3m/. The black particle numbers in the fine particles obtained by heat-treatment were six 
pieces / lOg. Moreover, 30 bubbles 10 micrometers or more were detected in ingot lOg fabricated by the 
Verneuil method. 
[0037] 

[Effect of the Invention] By this invention, synthetic quartz powder with few amounts of residual carbon 
leading to foaming to the time of melting can be obtained easily. 



[Translation done.] 
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•[0 0*0 8] J5#fcLTE^Sft*7JUi]*vv7>fcUTl*. fh7^^vv7X fh7l 

[0 0 0 9] £<DjQ7MMf?J5fS;CB\ tfdifcU-OaK- M^fll?^ 7>=EZ7l£cD7,M,73U£ 

gp-r & z t c ^ vj , y ;uba#s *pflp-r * c t tfx t z> „ 

[0 0 10] ^6nty;L»*^S^*»»C*vj^Ufc7JUD-;i/S^*U:#tJOi^ hv 
tiCUTfc, 10~ 1 0 0 0^im, #3=L<&, 1 0 0 ~ 6 0 0 £-5 IZ 

tifts/r. am. 5 o ~ 2 o o°cTfc*>o mmvvtwz&^T&ftoz 

ttfZ&Zo nttLOmSLto, If, 1 ~ 3 omm%£T-*T*>tt5o CCT'f^t^i: 

l*„ 1 6 O^C^^THMCjiUtBf ©lil^t'$5„ 

[0011] zo&o\zLTm£ftiznmi' i Jt}'f)im*z, ^Ti:i^ ; &^owt"M& 
t^rsiE-rat* 1 )£&>bW( 2 3 ) £<DMiz&n9L&a\zMv tf±UX 

*3Sf, 4F'kWC&5±lfS*i, $JSl^J5t±Tl&#/rSii*)itiT^MTSPt:3iETUT^«> 
tt%( 0 24><7)jI&!TO[S] ) €U9o 

[0012] pfom &mzfi^fcn^<»ttn<»uy5^t}'%±L*v&<r>zmyi?%& 
ck^Ti*. ^s<DP-^';-^r;u>*ffl^Tip^&a€fi : ?cfct^*o iratftfesstraasisa 

5 0 - 1 1 0 0°CT-*So ®f> JO&Bfc-^-lI^Tfrfrft*,, ZCT', «H*£3KS£i± 
*t4t>(D, P-SU-*jU>©^>kW<&lHl|£5&g*Ejl2 m / #~ 1 2 m / Zt.ff*ftW 
<»W:WT*$>Z>o JI)jl2m I #*;ST*B:» iPteS^W^^Wllfe^cDM'liiOU, 
^UT^etl^^^#:^<D»7acD5l^-^Jp-r^o JM 

1 2m/#*S**fcmfe*i : ?-<D»£», MO^MCi»*<^U, ^*<oaifi 

[0013] ip^stz^u. vU7j^;i,X) v '^w-r ; S)7KRD c 7>'i,=i->'i/X) v *Sfi'r ; S)o 
m. u-$v-*)iyft<»mw(» > l &&.#-. mn. 5o~3oo°ct^ 0 ckdm^csk^t, 
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•*N*j£vm£-r*#*a)*« 5 0 0N-U7 MU/ K g- Hr^TfT^ilt^ff^UU, §£&S#\ 

[0 0 14] ftfe^T. S#**a-#>/8#0^&jMfI«C#S£ft*o COSfi^tt, 3 0 
0 - 6 0 0 o CT-fc3o UtfL&ffS* #§fcE%6 o T, 3 0 0 - 4 3 0°CT\ * 

[0 0 15] tC5tf, Hi^tZ, C(DiQ»S^, P-2U-*A>(7)J^cMJiI^lI^Uo 
ia$iifttf6ff5i:, Ha3$&tf£. P-SifigCffl^T* 3 0 0 - 4 3 0°C(7)}UJgV->^ 
£-T3 0 ZlffK ;UJgV*->(DM£tf'5 c mtth 1 3 5 c m&LT *mB?Z> t 
SSgV-XD^Stf 1 3 5 cmd;USl^©#(D»«t?>WMt5, 

[00161C (7), 300-43 0 "COfflgiSfifiTN »#a>milltt^TT*SS», ES#T?» 

[0017] 4 5 o°cJ^±a)afifi«u:ipjKi* ntJ|»#tt, ^#A-/K>(DWifTt5c 

[0 0 18] ###4 5 0 - 5 5 0°C©Mfi«*3ljflrSltW*ia^DC*lJffllT*fl) 

[0019] Miai^Htt. mn, 0.5-1 omm. $?^u<&, 1 -s^nar-a^o c<diss^ 

g^fcU, K«gHfT?3 0 - 3 0 0'J^hil/Hr T-**o JU>*ffl MH**3ft!!l£ 
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• [o o* 2 1 ] zo&mc&v, v'jay;U*<D2)-#>»gtt % 5 0 - 1 0 0 0 p pmfgca^ 

900-1 100 °C, ^C<»9 5 0 ~ 1 0 5 0 £T"if *6 *i3> 0 C(7)|5g(7)#^jljg&ji^ 1 
0 0 - 1 0 0 0°C / H r T-&3> 0 Q-2 'J-*;U>T-tt, IWfc&3I*T;a fl£*f U »^b°Xh>7 

^(Oii^I^H^-r^^BMg^O . 5 m / H r TfcSfc, MMtt 4 0 0°C / H r 
[0022] poM^aiz^itsinjfe&st, tS>$&^<63^&, lit^^iilTT'lr 

3 - 5 0'Jf KJlW H r T-&$ 0 CO^M^lZ^lt^iPteSfe P-^ U-^r JU>€^^» 

7U 0 . 7-0 . 8g / m I gSTffc o y ( 1 . 

0-1 . 2 g / m I ^®^T"±#-r^o 

[0023] ^mcui^yvtir^m^cim^m^mrt^^^m^msn^tr, mn. v 
^y— o o o p pm^±^LTi^ 0 tzx\ Mc^*snfcSMiSiST-<D&/£€fi i 5o 

[0 0 2 4] Wig. 1 1 0 0 - 1 3 0 0°CT°&Z> o *S58gB«fc£IBJ££ 1 0 

0-2000 °C/Hr ©JSffltfSMiliRS*,, Sfe^Htt, &/SS&£fc<fc3#\ 0 - 1 

OOftHT-, ^5?l»>t I (Dy7>'-JHIff 1 0 0 p pm^T, $f^L<l*. 60ppmJ5lTt 

[0 0 2 7] 
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• CH»i] 1 ) 

£<0liHft0l<7<vUa7A£, liHOTT'Ml/ 5 0 0 nm&TRV 

1 0 OjimJ^Lbflft^SBtfi Ut. C(D» ^^y'jmMlttZ^, tt?B 1 9 . 
5MS%T\ *-#>MB 1 . 1lI%T^^to £fc, zro^roK^'Tv'J^^KDflstffiS 
I*, 0 . 9 2 g / m I T'$>i £ 0 

[0 0 2 8] ffift* B3CZ/T-rn-^U-^rA>^ffll/\ ttTroiPlfetoS^tT^t. 813*, 61* 

ii&£fc#t&f, i2»s^ajp, 1 3»^tBp i4»&si»s^ 1st* 

JUiPifet:-;*-, 1 6&W2imkl—5i-, 1 7 l*0 3iPiit-^-, 1 8&2l4iP$it-2 
-, 1 9l*£5iPi&fc:-$--C*£*. ^WttMSCtf^T, H£ (in£fcV->) :2m, rtS: 

2 0 0mm, &&P K— j-yttJBHP& : 2 0mm, SEE P* ytt*BHP& : 4Omm0l-)Jt 

( ifflik&S ) £t\ jQ&k:-2-€Ml, ( m 1 ijn&fc:--*- : 3 3 o°c, l2Jnlt-^- : 3 

3 0°C, I3»t-^- : 4 5 5°C, 31 4 : 4 5 5°C, J£ 5 in»t-S- : 4 5 
5°C ) , #M>t£JI)>l5 . 0m / ^tsl^to-DltttD K7>T5' l Jfl7A« 11kg/ BfT\ 25 
ISIOO'J? KA / #T-#ift&P<MJ&*&Ufco 

[0 0 2 9] 4P>i^rt<&«H*l*, illrcLT, &&3lLl&UTlAfc„ #iP&7-><D»#<DiagB, !£ 
1 iPl&k-^-SP : 1 1 0°C, J£2iPiiL-£-9$ : 1 3 5 °C, H 3 iPlfc : 2 6 5°C, 

H4jQ&fc:-£--SB : 4 3 3°C, J£ 5 JPiiL-3-S|5 : 4 6 4°CT?$^t 0 JBHfcS&tf 3 0 0°C& 
T<DV-><D, 2)7,<7)§|£Mtt, 3 1 ON-'J^SA/Kg - HrT'^^to »#IS^3 0 0 

-43 O O C<0V-><DJ&£B\ 30c mt'$^t £6tl, fcHfcSJKXM 5 0 - 4 6 4°C<7)V'-> 
<D5Iifl#MB\ 0.6H$WT-£o 1t 0 #11, #l&ft^Hi*&&, 4, 6, 8B|HlCJ#ai£ftfc»S#*f 



[0 0 3 0] 
[11] 





4 


6£fMm 


8 mms 


S^HIS (d cm) 


9 8 0 
0.8 5 


110 0 
0.83 


1 0 0 0 . 
0.83 



[0 0 3 1 ] 3M#e^J£<£oOI, M(DMIB$SLTl\t„ tieiVT . U'P-S U -^A> 
±!BSHE-e*!SftfcJ»*, «TC^#T-infW!!iSUto It 1 iPftfcL-2- : 5 0 0°C, m 
2in»fc:-£- : 5 0 0°C, £3Jn»fc:--£- : 5 0 0°C, 3§4iP$it:-£- : 1 0 0 0°C, H5 
in&L-S- : 1 0 3 O-CEMU 4F'kE£Ji5l5 . 0m / ^T*lsl|£*i*^)0, 9 . 2 k 

g / H r T\ 1 1 0 U * h)l I #T-$ifcP«MJ0U&Ufc o 
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[0 0 3 2] m&&g<BJ|&#<D*6l&£Bs 1 0 2 0°Cf«^t o JF'frSrt MUX, 

5, a2H/TN-TifiT-^-3 to' 
[0 0 3 3] 
[«2] 





43*M@ 


6 3MS 




SMIig (p p m) 


< 5 


< 5 


< 5 




I . 2 


1 . 2 


\ . 2 


mfett^Fft («/IOo> 


0 


0 


0 



[0 0 3 4] ( &/$ ) iP»STlf S*ifc£j£53S2|» 1 3 0k g£E^5 5 0 mm(l)5^^C 
«&^rtTJn&U&/8£fi ; ofco jFttMJSfi 2 0 0 °C / H r TlliiSfi 1 2 0 0°C£T- 

OUf MlW H rTSKSLfco «8&7&* idl&fcffitl^ SS^T^Ot. /frSJOfi&tlfcflH* 
fcffc«lS5Cl*3SE5IUfco 112k gT"$oto ftStifc^^** 



[0 0 3 5] 
[313] 





±« - 


±« -MBS 




(p p m) 


< 5 


< 5 


< 5 


■ *K Cg/rf) 


1.25 


1.24 


1.24 


y5J-* IS (P P m) 


4 5 


4 5 


6 0 



[0 0 3 6] ($$)J&rc-#6*ifc£m5£»*, ^^-^^T-f>d l HMUto «<> 
ZlvMOg+k* 1 0nm<&$&#4ffl&{±i£*lfco 

Ca»ij2) JN>tt<&IIUE>S&«2 . 5m / #C UfcJSWBItififlJ 1 t ^IZift^Sfi 1 ^ to M 
Sftfc&ft't'<Bllfe*i : H&H: % 2 IS/ 10gT*$^to £t, ^Jl^-'TaWUt'f 
>d'^ h 1 0 g^i:, 1 0^m&±£fl>5S#6ffl:|fcaj£*ifco 

Cifc«0!l 1 ) 4F'k©<DHHEjI&« 1.3m/ ^Cbt^tt, HSS0!l 1 fc [^^llzMf^^^T^ t G in 
»STif6tit^#:^<D^fem^t*6^ / 1 OgT&^to £t, Y)ST:^U t-f 

>d l > h 1 0 g*C 1 0nmJ-U0)M3 0 f@&i±i£ ft to 

[0 0 3 7] 

[§SE <&*&*] ^Ha^tz^vj, ^ifeB#tz§l^(Di^St^^^#^-^>M(D^^^5^ ; £# 
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l m 1 1 »ft€ft3&/ut*#±JK®'a)P-^'J-^;i/><7)Br®H 

[_g_3] *iiB^u:ffl^*ct<DTt*p-^u-^u>a)«Eim«^-rs 

1 :*H* 

2 : JF'fcg 

3 : 

4 : ^'t^rtOSI® 

5 : WWBiW 

6 : K^fyJI^vA- 
7 : x-7*Jl,7<f-#- 
8 : llp'kW 

9 

1 0 : ima K— 
1 1 : 

1 2 : m&n 

1 3 : m&n \<-j-ywm 
1 4 : &mm%%s 

15:^1 timt-Z- 
1 6 : f£2iQ$iL-£- 
1 7 : H3 jQf&t:-^- 

1 8 : £4inlfcfc:-£- 
1 9 : 3t5injtfcL-2- 

0® 



[ m 1] 




[0 2] 
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